Three Gram-stain-positive strains were isolated from fermented mustard and were rod-shaped, non-motile, asporogenous, facultatively anaerobic, homofermentative and did not exhibit catalase activity. Comparative analyses of 16S rRNA, pheS and rpoA gene sequences demonstrated that the novel strains were members of the genus Lactobacillus. On the basis of 16S rRNA gene sequence analysis, the type strains of Lactobacillus crustorum (98.7 % similarity), Lactobacillus farciminis (98.9 %) and Lactobacillus mindensis (97.9 %) were the closest neighbours. However, DNA-DNA reassociation values with these strains were less than 50 %. Phenotypic and genotypic features demonstrated that these isolates represent a novel species of the genus Lactobacillus, for which the name Lactobacillus futsaii sp. nov. is proposed; the type strain is YM 0097
Fu-tsai and suan-tsai are spontaneously fermented mustard products traditionally prepared by the Hakka tribe of Taiwan. The traditional fermentation process comprises two different processes for producing fu-tsai and suan-tsai, as described previously (Chao et al., 2009) . Briefly, slightly wilted mustard is placed in a bucket in layers with salt at a final concentration of 4 % (w/w) for initial fermentation (around for 7 days). For production of suan-tsai, the fermentation continues for approximately 2 months. For production of fu-tsai, the partly fermented mustard is left to dry in the sun during the day and fermented at night for two or three day/night cycles, then packed into airtight glass bottles or earthenware pots to enable further fermentation for at least 3 months until maturation. Samples of fermented brines were obtained in October 2007 from a factory manufacturing fu-tsai and suan-tsai in Miaoli County, Taiwan. Samples were taken aseptically, stored at 4 u C and analysed within 24 h. Fu-tsai brine samples were inoculated onto MRS agar (BD, Difco; pH 6.8) (de Man et al., 1960) supplemented with 2 % NaCl and 0.001 % of both sodium azide and cycloheximide, and incubated anaerobically at 30 u C for 3 days. Cell counts of lactic acid bacteria (LAB) were 2.4610 3 to 4.0610 6 c.f.u. ml -1 and 500 isolates were collected for further analysis. The selected isolates were stored at 280 u C in nutrient broth (BD; Difco) containing 10 % (v/v) DMSO.
During a study on the diversity of LAB in brines of fu-tsai and suan-tsai products, three of the Lactobacillus strains isolated [F3-A98 T (5YM 0097 T ), Su-N25 (5YM 0181) and F1-Q3 (5YM 0188)] could not be clearly placed within any recognized species of the genus by 16S rRNA gene sequence analysis. Levels of DNA-DNA relatedness also indicated that the isolates were not members of existing species.
This study presents the morphological, biochemical and molecular characterization of strains YM 0097 T , YM 0181 and YM 0188. Lactobacillus crustorum YIT 12038 T , Lactobacillus farciminis YIT 0265 T and Lactobacillus mindensis YIT 12111
T were obtained from the culture collection of Yakult Central Institute (YIT; Tokyo, Japan) and were used as reference strains. Strains were cultivated and maintained in MRS broth (pH 6.8) at 30 u C for 1 or 2 days, unless indicated otherwise.
Chromosomal DNA used as a template for randomly amplified polymorphic DNA (RAPD) typing and 16S rRNA, pheS and rpoA gene sequence amplifications was prepared as described previously (Chao et al., 2008) . For discrimination of the isolates, RAPD fingerprinting was performed as described previously (Chao et al., 2009 
);
Abbreviations: LAB, lactic acid bacteria; RAPD, randomly amplified polymorphic DNA.
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene sequences of strains YM 0097 T , YM 0181 and YM 0188 are HQ322270-HQ322272, respectively, and those for the pheS and rpoA gene sequences of strains YM 0097 T primers B (59-AACGCGCAAC-39), E (59-GGCGTCGGTT-39) and F (59-GGCCACGGAA-39) were used. The three strains had different RAPD profiles ( Supplementary Fig.  S1 , available in IJSEM Online). Conditions for PCR amplification of the 16S rRNA gene and subsequent DNA sequencing have been described previously (Chao et al., 2008) . The pheS and rpoA gene sequences for strains YM 0097 T , YM 0181 and YM 0188 were amplified by PCR with primers rpoA-F2 (59-GTGGATGGCGTYGTWGARGA-39)/ rpoA-R2 (59-TTGATTGAACCRTTWGTCCAAA-39) (Chao et al., 2009 ) and pheS-21-F (59-CAYCCNGCHCGYGAY-ATGC-39)/pheS-23-R (59-GGRTGRACCATVCCNGCHC-C-39) (Naser et al., 2005) , respectively. The PCR mixture (25 ml) contained 10 mM Tris/HCl (pH 8.3), 50 mM KCl, 200 mM of each dNTP, 1 mM MgCl 2 , 1 mg BSA, 0.5 U Taq DNA polymerase (Takara Bio), 0.1 mM of each primer and 10 ng template DNA. The amplification program consisted of: 1 cycle of 94 u C for 2 min; 30 cycles of 94 u C for 20 s, 55 u C for 30 s (for 16S rRNA gene) or 48 u C for 20 s (for rpoA and pheS genes), 72 u C for 20 s; and finally 1 cycle of 72 u C for 3 min. The PCR-amplified 16S rRNA, rpoA and pheS genes from these strains were purified using a Montage PCR filter unit (Millipore) according to the manufacturer's instructions. Cycle-sequencing reactions were performed using an ABI PRISM BigDye Terminator v3.1cycle sequencing kit and an ABI PRISM 3130xl Genetic Analyzer (both Applied Biosystems). Sequence assembly was performed by using the programs Autoassembler version 2.1 (Applied Biosystems) and GENETYX-MAC version 13.0.1 (Software Development). The closest known relatives of the strains were determined by using FASTA and sequences of strains of closely related species were retrieved from GenBank/EMBL/DDBJ. Multiple alignment of sequences was carried out with the program CLUSTAL_X (version 1.82) (Thompson et al., 1997) . Nearly full-length 16S rRNA gene sequences, approx. 320 bp of the pheS gene and 420 bp of the rpoA gene of the novel strains and related species were used for constructing phylogenetic trees with the neighbourjoining method (Saitou & Nei, 1987) . The statistical reliability of trees was evaluated by bootstrap analysis of 1000 replicates (Felsenstein, 1985) and tree topologies were also confirmed with the minimum-evolution (Rzhetsky & Nei, 1992) and maximum-parsimony (Fitch, 1971 ) methods, by using MEGA4 (Tamura et al., 2007) according to the Kimura two-parameter model (Kimura, 1980) . High 16S rRNA gene sequence similarities were observed between strain YM 0097 T and its closest neighbours, L. crustorum YIT 12038 T , L. farciminis YIT 0265
T and Lactobacillus mindensis Bootstrap values (%) based on 1000 replications are given at nodes. Bar, 1 % sequence divergence. (Fig. 1 ). Similar topologies were obtained by the minimum-evolution ( Supplementary Fig. S2 , available in IJSEM Online) and maximum-parsimony (data not shown) methods. Similarities among the rpoA and pheS gene sequences of the novel strains and strains of the three most closely related neighbouring species were 93.6-95.1 % and 88.0-91.8 %, respectively (Figs 2 and 3). Interspecies gaps within the genus Lactobacillus based on rpoA and pheS gene sequences normally exceed 5 % and 10 %, respectively (Naser et al., 2007) , which suggested that the novel strains should be classified as representatives of a novel species. On the basis of neighbour-joining analysis of the rpoA and pheS gene sequences, the novel strains did not belong to any species with a validly published name (Figs 2 and 3) . Similar topologies were obtained by the minimum-evolution Bootstrap values (%) based on 1000 replications are given at nodes. Bar, 5 % sequence divergence. (Supplementary Figs S3 and S4 , available in IJSEM Online) and maximum-parsimony (data not shown) methods.
For determining DNA G+C content and DNA-DNA reassociation values, chromosomal DNA was extracted according to the method of Marmur (1961) . To assess the DNA G+C content, DNA was enzymically degraded into nucleosides as described previously (Mesbah et al., 1989) and then separated by HPLC. The DNA G+C contents of strains YM 0097 T and YM 0181 were 36.3 and 37.1 mol%, respectively, which are within the range for the genus Lactobacillus (32-53 mol%) (Kandler & Weiss, 1986) . DNA-DNA reassociation analyses were performed according to the microdilution well technique, using photobiotin for DNA labelling (Ezaki et al., 1989) . Reciprocal hybridization experiments were carried out at 45 u C for 2 h in the presence of 50 % formamide, using biotinylated DNA and unlabelled ssDNA, which was bonded non-covalently to microplate wells. Table S1 , available in IJSEM Online). Hybridization values with the reference strains were well below the 70 % cut-off value that was recommended for delineation of separate bacterial species (Stackebrandt & Goebel, 1994) .
Morphological, cultural and biochemical testing according to standard techniques was performed at 30 u C unless otherwise stated. Cell shape, cell size and Gram staining were determined by using cultures grown in MRS broth for 24 h. Catalase and pseudocatalase activities were determined by using cells grown on MRS agar and MRS agar supplemented with 5 % defibrinated horse blood, respectively. Growth at various temperatures and pH, in the presence of NaCl, reduction of nitrate and production of ammonia from arginine were determined as described previously (Barrow & Feltham, 1993) . Gas production from glucose was determined with a Durham tube in MRS broth. Production of dextran was assessed on MRS agar in which glucose was replaced with 2 % (w/v) sucrose. Motility was tested in MRS soft agar (0.15 %). Carbohydrate fermentation tests were carried out by using the API 50 CHL system (bioMérieux) according to the manufacturer's instructions. Cell-wall peptidoglycan was prepared and hydrolysed according to the method of Schleifer & Kandler (1972) . Cell-wall amino acids were analysed by HPLC (Alliance 2695 HPLC system; Waters) equipped with a fluorescence detector (model 474 Fluorescence Detector; Waters) and an AccQ-Tag column (3.96150 mm; Waters), using an AccQ-Fluor Reagent kit (6-aminoquinolyl-N-hydroxysuccinimidylcarbamate; Waters) for derivatization. Cellular fatty acid methyl esters were obtained from cells grown in MRS broth at 30 u C for 18 h by saponification, methylation and extraction using the method of Miller (1982) with minor modifications (Kuykendall et al., 1988) . Fatty acid methyl esters were determined by using the MIDI system with MOORE5 of the MIS Standard Libraries. The isomers of lactic acid formed from glucose were determined with a D-/L-lactic acid enzymic kit (R-Biopharm).
Various phenotypic and chemotaxonomic characteristics of the novel strains differed from those of L. crustorum (Scheirlinck et al., 2007) , L. farciminis (Reuter, 1983) and L. mindensis (Ehrmann et al., 2003) , which are the most closely related species phylogenetically (Tables 1 and 2 ). According to the data obtained, the three strains are genetically distinguishable from recognized species and Table 1 . Major differential characteristics of the novel strains and genetically closely related lactobacilli thus represent a novel species, for which the name Lactobacillus futsaii sp. nov. is proposed.
Description of Lactobacillus futsaii sp. nov.
Lactobacillus futsaii (fut.sai9i. N.L. n. futsaium fu-tsai, the name of a traditional fermented mustard product in Taiwan; N.L. gen. n. futsaii of fu-tsai, from which the type strain was isolated). Cells are rod-shaped, 0.7-0.861.5-10.0 mm, and occur singly, in pairs or in short chains comprising three or four cells. Gram-stain-positive, non-motile, asporogenous and facultatively anaerobic. Catalase and pseudocatalase are not produced. After anaerobic growth at 30 u C for 48 h, colonies on MRS agar are beige, with a smooth to rough surface, circular to slightly irregular and approximately 2-3 mm in diameter. In MRS broth, growth occurs at 15 uC but not at 45 uC. Growth at 10 uC is strain-dependent. Growth occurs at pH 4.0 and 8.5. Weak growth occurs in 12 % NaCl. Gas is not produced from glucose. L-Lactate (95-98 %) is produced as the main end product from glucose. Ammonia is not produced from arginine. Nitrate is not reduced. Acid is produced from galactose, D-glucose, D-fructose, Dmannose, N-acetylglucosamine, amygdalin, arbutin, salicin, cellobiose, lactose, sucrose, trehalose and gentiobiose. Acid is not produced from glycerol, erythritol, 
